The Gram-stain-negative, aerobic, non-spore-forming, motile, with a single polar flagellum, or nonmotile (stalked) and rod-shaped bacteria, DS48-5-2
The genus Caulobacter is well known to have a different reproductive mode of division into non-motile forms with prosthecae (Staley, 1968) and motile ones with a polar flagellum, which helps to disperse the population at each generation, minimizing competition for resources (Abraham et al., 1999) . Since the first isolation of a species of the genus Caulobacter was reported by Löeffler (1890) , the genus has undergone reclassification by Abraham et al. (1999) and Chen et al. (2012) , by whom some of its species or subspecies have been transferred to the genus Brevundimonas, Maricaulis and Sphingomonas. Consequently, at the time of writing, the genus Caulobacter includes Caulobacter daechungensis (Jin et al., 2013b) , Caulobacter fusiformis, Caulobacter henricii (Poindexter, 1964) , Caulobacter ginsengisoli (Liu et al., 2010) , Caulobacter mirabilis (Abraham et al., 2008) , Caulobacter segnis (Urakami et al., 1990; Abraham et al., 1999) and Caulobacter vibrioides (Henrici & Johnson, 1935) . This study describes two bacterial strains, DS48-5-2
T and DS48-6-3, and establishes their taxonomic positions using a polyphasic approach that includes determining their phenotypic and chemotaxonomic properties and a detailed phylogenetic investigation based on their 16S rRNA gene sequences.
Strains T and DS48-6-3 were isolated from a sediment sample collected at 48 m deep taken from Daechung Reservoir in South Korea. Sediments were sampled using a KB core sampler (Wildco) on a boat. Approximately 100 mg of the sediment was first serially diluted in 0.85 % saline solution, and then aliquots of each serial dilution were spread on an R2A agar (Difco) and incubated at 25 uC. After 6 days, two yellow colonies, designated DS48-5-2
T and DS48-6-3, were isolated. isolates were subcultivated routinely on R2A agar at 30 u C and preserved in a glycerol solution (20 %, v/v) at 270 u C. For most of the experiments, the strains were cultivated on an R2A agar or broth (Difco) at 30 u C for 48 h. Based on the phylogenetic, phenotypic and chemotaxonomic analyses, the strains were placed in the genus Caulobacter as representatives of a novel species. For further classification, the strains were subjected to a polyphasic investigation.
The Gram reaction was determined using a Gram stain kit (Becton Dickinson) according to the manufacturer's instructions. The cell morphology and motility were observed under a phase-contrast microscope (Optiphot, Nikon; 10006magnification) using cells grown on R2A agar for 2 days. Flagellation and stalk generation were examined by transmission electron microscopy (CM20, Philips), using cells grown for 2 days at 30 u C on R2A agar stained negatively with 2 % (w/v) uranyl acetate. The oxidase and catalase activities were tested as reported previously (Jin et al., 2013a) . The growth was investigated on an R2A agar at different temperatures (4, 10, 15, 20, 30 and 37 u C). The pH range for growth was determined in R2A broth adjusted to pH 4-10 at intervals of 1 pH unit, by using the buffer systems as follows: pH 5.0-7.0, Na 2 HPO 4 /NaH 2 PO 4 ; pH 8-10, Na 2 CO 3 /NaHCO 3 (Gomori, 1955; Bates & Bower, 1956) . NaCl tolerance for growth was tested on R2A broth in different NaCl concentrations (1, 2, 3, 4 and 5 %). Carbon source utilization tests, acid production tests and additional physiological tests were performed using API 20NE, API ID 32GN, API 50CH and API ZYM galleries according to the manufacturer's instructions (bioMérieux).
Fatty acid methyl esters were taken from the bacteria grown on R2A agar for 48 h at 30 u C, saponified, methylated, extracted and analysed (Sasser, 1990) according to the protocol of the Sherlock Microbial Identification System (MIDI). Standardization of the physiological age of strains DS48-5-2 T and DS48-6-3 was based on selecting a sector from a quadrant streak according to the protocol (http:// www.microbialid.com/PDF/TechNote_101.pdf) given by MIDI. The extracts were then analysed using GC (model 6890, Hewlett Packard) and identified by comparing the fatty acid profiles with those in the TSBA 6 database using Sherlock software 6.1. The isoprenoid quinones were extracted and analysed by HPLC (Shimadzu) with a YMC-Pack ODS-A column, as described by Komagata & Suzuki (1987) . DNA G+C content was determined by HPLC after hydrolysis, as described by Tamaoka & Komagata (1984) , non-methylated l DNA (Sigma) was used as a standard.
Extraction of genomic DNA, amplification of the 16S rRNA genes and sequencing of the purified PCR products were carried out according to the protocol of Jin et al. (2013a) . The 16S rRNA gene sequences were aligned using CLUSTAL_X (Thompson et al., 1997) with published sequences retrieved from NCBI database (http://www.ncbi.nlm.nih.gov) and edited by BIOEDIT (Hall, 1999) . The phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximumlikelihood (Felsenstein, 1981) algorithms in the MEGA 5 software (Tamura et al., 2011) . The percentages for the replicate trees in which the associated taxa were clustered together in a bootstrap analysis (Felsenstein, 1985) were evaluated on a dataset of 1000 resamplings. DNA-DNA hybridization was performed fluorometrically by the method of Ezaki et al. (1989) using DNA probes labelled with photobiotin (Sigma; A1935) and microdilution wells (96-well microplate; Greiner Bio-one).
Cell growth occurred at temperatures ranging from 4 to 30 u C, no growth was observed at 37 u C. Growth was observed at pH 6-9, with optimum growth at pH 7 and no growth at pH 5 or 10. Colonies are circular, convex, brittle, opaque and yellow on R2A agar. The cells were Gramstain-negative, catalase-negative, oxidase-positive and rodshaped. Cells were dimorphic, one form was motile by means of a single polar flagellum the other was non-motile with a stalk (Fig. S1 , available in IJSEM Online). Strains DS48-5-2
T and DS48-6-3 are distinguishable from the closely related species of the genus Caulobacter in terms of carbon source utilization, substrate hydrolysis and enzyme activities. Strains DS48-5-2
T and DS48-6-3 could be differentiated from all other strains of the genus Caulobacter by their ability to assimilate adipate, gluconate, malate, D-mannose and L-serine and to reduce nitrate to nitrite, from the most closely related strain Caulobacter mirabilis FWC 38
T by their ability to assimilate 4-hydroxybenzoate and inability to assimilate acetate, Nacetylglucosamine, histidine, propionate, rhamnose, suberate or valerate and ability to produce esterase lipase (C8). The detailed physiological and biochemical characteristics are summarized in Table 1 and in the species description.
The almost-complete 16S rRNA gene sequences (approximately 13530 nt) of strains DS48-5-2
T and DS48-6-3 were determined and compared with those of representative species from the genus Caulobacter in the EzTaxon server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Strains DS48-5-2
T and DS48-6-3 shared the highest 16S rRNA gene sequence similarities with C. mirabilis FWC 38 T (98.5 %), C. fusiformis ATCC 15257 T (97.3 %) and C. daechungensis H-E3-2 T (97.3 %) showing 96.1-96.7 % similarity to all other species of the genus Caulobacter. It fell clearly within the clade for the genus Caulobacter (Fig. 1) , supported by maximum-likelihood and maximum-parsimony trees (Fig. S2) . To confirm the taxonomic status of the novel strains, DNA-DNA hybridization experiments were performed. Strains DS48-5-2
T and DS48-6-3 shared 88.7 % (reciprocal 90.1±3 %) DNA-DNA relatedness and showed relatedness values of 29.3±4 % (reciprocal 26.4±5 %), 22.7±4 % (reciprocal 24.4±5 %) and 20.9 % (reciprocal 23.1±4 %) to C. mirabilis FWC 38 T , C. fusiformis ATCC 15257 T (97.3 %) and C. daechungensis H-E3-2 T (97.3 %), respectively. These values are well below the 70 % cut-off point (Wayne et al., 1987) , indicating the designation of an isolate as a representative of a novel species.
The G+C content of the genomic DNA were 67.7-67.2 mol%. The major fatty acids were summed feature 8 (C 18 : 1 v6c and/or C 18 : 1 v7c), C 16 : 0 , 11-methyl-C 18 : 0 v7c and summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c). The major fatty acids in strains DS48-5-2 T and DS48-6-3 were consistent with the predominant fatty acid components in species of the genus Caulobacter (Abraham et al., 1999 (Abraham et al., , 2008 , but differences were observed in the presence/ absence of several components (Table 2) . Therefore, the chemotaxonomic data together with the results of the phylogenetic analysis support the affiliation of strains DS48-5-2
T and DS48-6-3 to the genus Caulobacter. . All data are from this study, unless indicated. All strains were positive for acid phosphatase, alkaline phosphatase and leucine arylamidase. All strains were negative for nitrite reduction, aesculin hydrolysis, indole production, acidification of glucose, a-chymotrypsin, cystine arylamidase, a-galactosidase, b-glucuronidase, esterase (C4), a-fucosidase, lipase (C14), a-mannosidase and urease. None of the strains assimilated L-alanine Jin et al. (2013b) , except the data for strains DS48-5-2 T and DS48-6-3.
Based on their 16S rRNA gene dissimilarity to related taxa and differentiated phenotypic characteristics and genomic relatedness, the strains studied here constitute a homogeneous group that is clearly distinct from any species of the genus Caulobacter With a validly published name. Strains DS48-5-2 T and DS48-6-3 are thus considered to represent a novel species of the genus Caulobacter, for which we propose the name Caulobacter profunda sp. nov.
Description of Caulobacter profunda sp. nov.
Caulobacter profunda (L. fem. adj. profunda from the deep).
Cells are Gram-stain-negative, non-spore-forming, motile by means of a single polar flagellum or non-motile (stalked form) and rod-shaped with a width of 0.4-0.7 mm and length of 1.4-2.0 mm when grown for 2 days at 30 u C on an R2A agar. Colonies are circular, convex, brittle, opaque and yellow on R2A agar. Good growth is observed on R2A agar at 25-30 uC. Growth occurs at 4 and 30 u C, but not at 37 u C. Optimal pH for growth is 7.0; growth occurs at pH 6.0 and 9.0, but not at pH 5.0 or 10.0. No growth occurs in the presence of NaCl (1-5 %, w/v). Oxidase-positive but catalase-negative. Positive for nitrate reduction to nitrite, but negative for nitrite reduction, urease, aesculin hydrolysis, b-galactosidase, indole production, acidification of glucose, arginine dihydrolase and gelatin hydrolysis (according to API 20NE test strips). Assimilates adipate, gluconate, 3-hydroxybenzoate, 4-hydroxybenzoate, 3-hydroxybutyrate, malate, D-mannose, L-proline and L-serine, but does not assimilate acetate, N-acetylglucosamine, Lalanine, L-arabinose, caprate, citrate, L-fucose, D-glucose, glycogen, L-histidine, inositol, itaconate, 2-ketogluconate, 5-ketogluconate, lactate, malonate, D-maltose, D-mannitol, Dmelibiose, phenylacetate, propionate, L-rhamnose, D-ribose, salicin, D-sorbitol, suberate, D-sucrose or valerate (according to API 20NE and API ID 32GN test strips). Positive for the following enzyme activities (according to API ZYM test strips): acid phosphatase, alkaline phosphatase, esterase lipase (C8), leucine arylamidase, naphthol-AS-BI-phosphohydrolase and trypsin, but negative for the following enzyme activities: N-acetyl-b-glucosaminidase, a-chymotrypsin, cystine arylamidase, esterase (C4), a-fucosidase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, b-glucuronidase, lipase (C14), a-mannosidase and valine arylamidase. Acid is produced from aesculin and 5-ketogluconate, but not from all other substrates (according to API50CH test strips). The predominant ubiquinone is Q-10. The major fatty acids are summed feature 8 (C 18 : 1 v6c and/or C 18 : 1 v7c), C 16 : 0 , 11-methyl-C 18 : 0 v7c and summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c).
The type strain DS48-5-2 T (5KCTC 32480 T 5JCM 19440 T ) and strain DS48-6-3 (5KCTC 324815JCM 19441) were isolated from a sediment sample taken from Daechung Reservoir, South Korea. The DNA G+C content of strains DS48-5-2
T and DS48-6-3 are 66.7 % and 66.2 mol%, respectively (determined by HPLC). 
